Monitoring the nutritional status of range cows is difficult. Near-infrared spectroscopy (NIRS) of feces has been used to predict diet quality in cattle. When fecal NIRS is coupled with decision support software such as the Nutritional Balance Analyzer (NutBAl PRo), nutritional status and animal performance can be monitored. Approximately 120 Hereford and 90 CGC composite (50% Red Angus, 25% tarentaise, and 25% Charolais) cows grazing in a single herd were used in a study to determine the ability of fecal NIRS and NutbalPro to project BCS (1 = thin and 9 = fat) under commercial scale rangeland conditions in central Arizona. Cattle were rotated across the 31,000 ha allotment at 10 to 20 d intervals. Cattle BCS and fecal samples (approximately 500 g) composited from 5 to 10 cows were collected in the pasture approximately monthly at the midpoint of each grazing period. Samples were frozen and later analyzed by NIRS for prediction of diet crude protein (CP) and digestible organic matter (DoM). Along with fecal NIRS predicted diet quality, animal breed type, reproductive status, and environmental conditions were input to the software for each fecal sampling and BCS date. three different evaluations were performed. First, fecal NIRS and NutbalPro derived BCS was projected forward from each sampling as if it were a "one-time only" measurement. Second, BCS was derived from the average predicted weight change between 2 sampling dates for a given period. third, inputs to the model were adjusted to better represent local animals and conditions. Fecal NIRS predicted diet quality varied from a minimum of approximately 5% CP and 57% DoM in winter to a maximum of approximately 11% CP and 60% DoM in summer. Diet quality correlated with observed seasonal changes and precipitation events. In evaluation 1, differences in observed versus projected BCS were not different (P > 0.1) between breed types but these values ranged from 0.1 to 1.1 BCS in Herefords and 0.0 to 0.9 in CGC. In evaluation 2, differences in observed versus projected BCS were not different (P > 0.1) between breed types but these values ranged from 0.00 to 0.46 in Hereford and 0.00 to 0.67 in CGC. In evaluation 3, the range of differences between observed and projected BCS was 0.04 to 0.28. the greatest difference in projected versus observed BCS occurred during periods of lowest diet quality. Body condition was predicted accurately enough to be useful in monitoring the nutrition of range beef cows under the conditions of this study.
INTRODUCTION
Standardized Performance Analysis (McGrann et al., 2000) indicates that providing nutrition is the highest input cost in cow-calf production (Miller et al., 2001) . the top 2 management practices of low cost beef producers were 1) reducing supplemental feed costs and 2) rotational grazing (better pasture management) from page 3, table 3 of taylor and Field (1995) .. Forage is often the most cost efficient way to provide nutrition to beef cows, but forage does not always meet cow requirements. Even when animal needs are matched with forage production, cows may require 1 The authors would like to extend their appreciation to the staff members of the V Bar V Ranch for their valuable contributions in all phases of the study. Credit is also due Dr Jim Sprinkle with the university of Arizona Cooperative Extension, and Dr Mike longnecker with the Department of Statistics at Texas A&M University for comments that strengthened the manuscript. We are additionally grateful to lisa Gerber with the university of Arizona Cooperative Extension for help with editing and final preparation of the manuscript.supplemental feed to achieve production goals. Certain types of supplementation may not be feasible under remote range conditions or may not be allowed on public land leases. Alternatively, cows may be moved to different pastures with higher forage quality or other management strategies may be used (e.g., prescribed burning) to meet these nutritional needs.
Monitoring the nutritional status of range cows is difficult compared to cows in smaller, "tame" pastures. Clipping plant biomass and acquiring nutrient analysis provides information for forage on offer but not necessarily the diet selected by cattle. Hand plucking requires time and skill to mimic diets selected by grazers. Fistulated animals provide information on diet selected but are not practical for routine management. Near-infrared spectroscopy (NIRS) of feces has been used to predict diet quality in cattle (lyons and Stuth, 1992) . When fecal NIRS is coupled with decision support software, nutritional status and animal performance can be monitored (lyons and Machen, 2007) . the applicability of these 2 technologies to monitor nutritional status of range cows has not been reported for the desert southwestern united States. Beef cows grazing on a public lands lease were used in a study to determine the ability of fecal NIRS and decision support software to project cattle body condition under commercial scale rangeland conditions in central Arizona.
MATERIALS AND METHODS
The study was conducted on the V Bar V Ranch Experiment Station (34.6 N, 111.7 W) near Rimrock, AZ. the ranch operates on a 31,000 ha u.S. Forest Service grazing allotment. Winters are mild (average 8°C); summers are hot (average 27°C). May and June are typically dry followed by a monsoon season in July, August, and September. As expected in the southwestern united States, droughts are frequent. three major climate and ecosystems exist on the ranch (Fig. 1) . Desert shrub is found on the western third of the ranch at 1,200 m altitude, 250 mm annual precipitation, and 16°C average annual temperature. the middle third (1,600 m altitude, 380 mm annual precipitation, and 13°C average annual temperature, respectively) is dominated by piñon-juniper whereas the eastern third is predominately ponderosa pine at 2,150 m altitude, 500 mm annual precipitation, and 7°C average annual temperature, respectively. Approximately 30% of annual precipitation occurs during the summer monsoon. Forage species include warm and cool season perennial and annual grasses, forbs, and shrubs. Water for livestock is provided by earthen tanks or piped to metal troughs.
Animal procedures were approved by the university of Arizona Institutional Animal and Care use Committee. In this study, we used approximately 120 Hereford and 90 CGC composite (50% Red Angus, 25% tarentaise, and 25% Charolais) cows grazing in common within a larger herd. Average age was 5.83 ± 0.27 yr for Hereford and 8.97 ± 0.14 yr for CGC. the ranch grazes from 300 to 500 cattle in an adaptive rotational grazing system, moving at 10 to 20 d intervals. Briefly, a single herd grazes upward in elevation from desert shrub in winter, to piñon-juniper in spring and summer, pine in summer and fall and then after weaning, downward in elevation from pine back through piñon-juniper to desert shrub in late fall and winter each year. timing and intensity of livestock grazing in a given pasture is dictated by current precipitation and range conditions. Average calving date is March 24 and average age at weaning is 205 d. Cattle are provided with salt and mineral but in this study were only provided with infrequent and small amounts of supplemental protein to facilitate movement to another pasture or improve grazing distribution. the basic procedure in applying fecal NIRS and Nutritional Balance Analyzer (NUTBAL PRO; Center for Natural Resource Information technology, temple tX) to project animal performance includes 1) collect and ship fecal sample to laboratory for analysis, 2) input description of animal or animals to be modeled, including allometric relationships between frame, sex, age, body weight and BCS (NRC, 2000) , 3) input environmental and management data that affect nutritional requirements and animal performance to the model, 4) input fecal NIRS diet quality results to the model, 5) run model and project animal performance (kg/d weight change) . If BCS at some future date is the desired management metric, weight change per day is multiplied by the appropriate number of days and the result is added to current weight to project future weight. Future weight may then be converted to BCS via previously mentioned allometry.
Fecal samples were collected from the ground approximately monthly at the midpoint of the grazing period in a particular pasture. Based on current u.S. (lyons and Machen, 2007) and Australian (White et al., 2010) recommended management practices, a sample consisted of 50 to 100 g of fresh feces collected from 5 to 10 individual animals, composited into 1 sample (approximately 500 g) to represent a herd or group. Samples were frozen and later analyzed by NIRS (lyons and Stuth, 1992 ; and later amended, J. Stuth, texas A&M, personal communication) for prediction of percent diet crude protein (CP) and digestible organic matter (DOM). Performance statistics (Walker, 2010) for the diet quality calibrations applied in this study were R 2 = 0.95 and SE of cross validation = 0.91 for CP and R 2 = 0.91 and SE cross validation 1.59 for DoM (S. Prince, texas A&M, personal communication). In the first year of this study (November 2007 (November to october 2008 , fecal samples were collected and composited by breed type. In this initial phase (n = 12 sample collection dates), there was no difference (P > 0.1) in observed diet quality between breed types. Percent diet CP during this first year of study was 8.85 ± 0.57 for Hereford and 8.37 ± 0.50 for CGC. Corresponding percent diet DoM values were 59.85 ± 0.54 and 60.48 ± 0.58 for Hereford and CGC, respectively, so in the second year (November 2008 to January 2010), a single composite sample was collected to represent the entire herd each time. Also in the second year of the study, cattle BCS (1 = thin and 9 = fat) were recorded for approximately 25 to 30% of each breed type (32 ± 3 Hereford and 21 ± 2 CGC) at the time of fecal sampling. Body condition scores were assigned by 1 of 2 different experienced technicians who had scored cows together to establish consistency (Vizcarra and Wettemann, 1996) .
Along with fecal NIRS predicted diet quality, animal characteristics for each breed type group such as age, class, and reproductive status were input to the NutbalPro software (Stuth et al., 1999) for each fecal sampling and BCS date. Breed type descriptions (NRC, 2000) as used in the model were adjusted to reflect measured milk production (Sprinkle et al., 2011) and standard reference weight (CSIRo, 1990) based on ranch records for the cattle in this study (table 1). Environmental inputs (e.g., minimum and maximum temperature and percent relative humidity) were obtained for each sampled date and pasture via remotely sensed data from the u.S. Animal Performance Weather Data System (http://cnrit.tamu.edu/cgi-bin/nutbalweather).
In an attempt to determine the ability of existing fecal NIRS diet quality calibrations and NutbalPro software to predict beef cattle herd performance and, specifically, the effectiveness of these tools as they would likely be applied in an extensive commercial ranching scenario, 3 different evaluations were performed. First, fecal NIRS and NutbalPro derived BCS was projected forward from each individual sampling as if each were a "one-time only" measurement, that is, as in step 5 described above. Second, derived BCS was based on the average predicted weight change between the 2 endpoint sampling dates for a given period {i.e., BW at date 1 + [(mean projected kg/d (date1, date 2)] × (number of days between date 1 and date 2)}. In these 2 evaluations, breed characteristics were set up for the model runs at the beginning of the study and were not changed. Nor were there any adjustments made to predicted intake in the model. Moderate stocking rates on the ranch resulted in recorded visual estimates of seasonal grazing use for each pasture ≤50% during the study.
In a third evaluation, based on the experience gained during evaluations 1 and 2, inputs to the model were adjusted to better represent local animals and conditions (sensu lyons, 2010). Attrition due to drought, advancing age, and other research project management needs caused fewer (n = 34) CGC animals to be available, so these adaptations were applied to predict performance of only the Hereford cows (n = 99) from fecal samples and associated inputs collected during the summer of 2011. It should be noted that due to an additional experiment , which required analysis of individual fecal samples, both BCS and feces in this third evaluation were collected from 17 ± 2 individual animals approximately monthly and the predicted diet quality values were mathematically averaged (sensu White et al., 2010) for that collection date.
A priori adjustments made to the model for evaluation 3 began with a reduction in standard reference weight from 451 to 433 kg and peak milk production reduced from 6.8 to 6.3 kg based on autumn 2010 and spring 2011 performance data for the Herefords remaining in the overall herd. Additionally, 10, 20, and 10% reductions in NEm requirements were applied during June, July, and August, respectively, to account for a reduction in hepatic and gastrointestinal tissues over the expected extended periods of low plane of nutrition and subsequent realimentation (Western and Finch, 1986) . Metabolizable protein instead of CP was used in the model during June to August similar to the adaptations suggested by lyons (2010). Adjustments to model predicted intake occurred in June (-15%) due to gather- ing and concentration of cattle for estrus synchronization and AI procedures and again in September due to a combination of low precipitation and gathering and concentration of cattle in a blue grama (Bouteloua gracilis) dominated holding pasture during preconditioning of calves (authors' personal observation). Body condition score projections were as described for evaluation 1. one way ANoVA (Steel and torrie, 1980 ) was used to detect differences in diet quality between breed types in year 1. In year 2, linear regression, (Steel and torrie, 1980) via Proc GlM in SAS (SAS Inst. Inc., Cary, NC) was used to determine differences due to breed type and between observed and predicted BCS. Experimental unit was breed type. Differences were considered significant at P < 0.05.
RESULTS
In the first year of the study (fecal analysis only), diet quality varied from a minimum of approximately 7% CP and 58% DoM in october to a maximum of approximately 15% CP and 63% DoM in August (Fig. 2) . During the second year of the study, which included both fecal and nutritional balance analysis, fecal NIRS predicted diet quality varied from a minimum of approximately 5% CP and 57% DoM in December and January to a maximum of approximately 10% CP and 61% DoM in June to August (Fig. 2) . Compared to the most recent 10 yr average, precipitation on the ranch was approximately 120% in 2008 and 60% in 2009. Diet quality varied with 1) observed seasonal changes, 2) amount, timing, and distribution of precipitation events, and 3) site specific elevation and vegetation characteristics (i.e., standing crop and proportion of warm versus cool season forage species).
In evaluation 1, fecal NIRS and NutbalPro projected BCS values were generally less than observed BCS. there were 7 out of 13 instances of predicted values outside of the 95% confidence interval for BCS in Herefords and 6 out 13 in CGC (Fig. 3) . Differences in observed versus projected BCS were not different (P > 0.1) between breed types but these values ranged from 0.1 to 1.1 BCS in Herefords and 0.0 to 0.9 in CGC (table 2). For the Hereford group, the correlation between observed and projected BCS was r 2 = 0.34 and root mean square error (RMSE) = 0.53 (P < 0.05). Corresponding values for the CGC group were r 2 = 0.31 and SE = 0.50 (P < 0.05). Differences in observed versus projected BCS change between successive sampling dates were not different between breed types (P > 0.1; table 2). there were 8 out of 12 synchronous (i.e., both positive or both negative) occurrences between observed and projected BCS change in the Hereford group compared to 6 of 12 for CGC.
In evaluation 2, predicted BCS was again generally less than observed. there were 7 out of 13 instances of predicted values outside of the 95% confidence interval for BCS in Herefords and 5 out 13 in CGC (Fig. 4) . Differences in observed versus projected BCS were not different (P > 0.1) between breed types but these values ranged from 0.00 to 0.46 in Hereford and 0.00 to 0.67 in CGC (table 3) . the correlation between observed and projected BCS in Hereford was r 2 = 0.66 and RMSE = 0.25 (P < 0.05). Corresponding values for the CGC group were r 2 = 0.50 and RMSE = 0.27 (P < 0.05). Differences in observed versus projected BCS change between successive sampling dates were not different between breed types (P > 0.1; table 3). observed and projected BCS changes were synchronous in 10 out of 12 occasions for the Hereford cattle. the 2 asynchronous occasions (i.e., observed and projected BCS change in opposite directions) differed by approximately 0.25 BCS. Corresponding values were 7 out of 12 synchronous observed and projected BCS changes in the CGC cattle.
Predicted diet quality values for the third evaluation are presented in table 4. Precipitation on the ranch was approximately 100% of the most recent 10 yr average in 2011 but was only approximately 75% during the growing season. there was a 0.20 ± 0.05 difference between observed (5.08 ± 0.15) and fecal NIRS and NutbalPro projected (5.14 ± 0.09) BCS (table 5; P > 0.1). All pro- jected BCS values were within the 95% confidence interval. Range of differences between observed and projected BCS was 0.04 to 0.28. the correlation between observed and projected BCS for the Hereford cattle in evaluation scenario 3 was r 2 = 0.29 and SE = 0.19 (P > 0.1). there were 1 out of 3 synchronous occurrences between observed and projected BCS change.
DISCUSSION
Fecal NIRS predicted diet quality varied with inherent (i.e., due to elevation) and observed (i.e., due to precipitation and temperature) environmental and vegetation characteristics for the study site and was comparable to previous cattle and elk (Cervus elaphus) fecal NIRS diet quality collected on this experiment station (tolleson et al., 2012) as well as published plant tissue sample chemistry for Arizona (Grumbles, 2006; Meen, 2006) . our findings thus agree with the early cattle fecal NIRS field validation of lyons et al. (1995) in the Post oak Savanna region of central texas and later studies by lyons (2010) on the Edwards Plateau. Boval et al. (2004) in Guadeloupe and Coates (2000) in Australia similarly observed cattle fecal NIRS diet quality predictions to agree with expected seasonal and or plant species and growth stage trends. other workers, however, have observed general overpredictions of observed diet quality by fecal NIRS (e.g., Andrae et al., 2000; lalman et al., 2001) .
there are no calibration data pairs from Arizona in the fecal NIRS equations used to determine cattle diet quality in this study. Mahalanobis distance (Mahalanobis, 1930) or H statistic is the Euclidian distance between 2 points in multidimensional space, specifically between the centroid of a population and any given spectrum. the smaller the distance between the 2, the more similar they are. the H values for the fecal spectra collected in the current study were 2.34 ± 0.08 indicating that these samples are chemically similar (Shenk and Westerhaus, 1991) to those from which the diet quality calibrations were developed. Near-infrared spectra with H values > 3.0 are typically considered outliers in calibration development for most agricultural products (Shenk and Westerhaus, 1991) , but H values from 4.0 to 9.0 have been used as a threshold for livestock fecal calibrations (Walker et al., 2007; Coates and Dixon, 2010) .
Average BW for all mature Hereford cows in the study was 412 ± 7 and 463 ± 7 kg in the autumn of 2010 and spring of 2011, respectively. Corresponding values for the CGC were 463 ± 9 and 477 ± 9, respectively. It is interesting to note that the SE for individually measured BW in these breed types represent approximately 0.2 BCS in the Hereford and 0.25 BCS in the CGC, that is, similar to our average difference in observed versus predicted BCS. In the first 2 evaluation scenarios, body condition was generally predicted accurately enough (approximately 70% within 0.5 BCS and approximately 50% within 0.25 BCS) to be useful in monitoring the nutrition of a range beef cow herd under the conditions of this study. For example, projected BCS followed the observed BCS trend in most instances. Furthermore, with respect to herd level nutritional management, White et al. (2010, p. 440) state that 15 cattle fecal samples, composited or averaged, will yield "sample means with a level of precision around the population mean suitable for management of herd nutrition." Based on our findings and those of White, we submit that in extensive range management situations, this level of precision corresponds to within 0.25 to 0.5 BCS. one-quarter of a BCS is approximately equal to the allometric equivalent of the SE for BW in our range cows, and one-half BCS is the level of repeatability observed by Vizcarra and Wettemann (1996) for approximately 80% of the cattle in their study.
We did observe, however, notable departures in which the BCS projections would not have been accurate enough to inform nutritional management decisions, for example, Hereford cattle in May 2009 and CGC in January 2009. Both instances were during periods of low diet quality relative to animal nutritional needs (i.e., late gestation or peak lactation). A possible contributing factor to the large difference in observed and projected BCS for CGC in January could be that BCS was only obtained on 16 CGC cows at this sampling date and were therefore only approximately 20% of the cows in this group. the sample size for a 95% confidence interval calculated for the groups of cattle in our experiment with a standard deviation of 0.6 BCS and desired accuracy of 0.25 BCS would be approximately 22 animals.
Research and extension recommendations on using BCS to manage beef cows typically assume that all animals in a herd will be scored. Such an approach is practical on smaller herds, when animals are penned or in relatively small open pastures and when, for instance, sorting by BCS into different feeding groups is the objective. Management in extensive operations, however, is often necessarily focused on the entire herd rather than on individual animals. Practicality therefore requires that a representative number of animals be sampled. An example of this decision process from the German dairy industry is found in Yaylak and Akbas (2009, p. 135 ). one of their 2 Mean ± SE.
3 Diff. = observed minus predicted. 4 NA = Not Applicable.
objectives was to "estimate the number of cows required (or proportion of cows to be scored) for high precision of BCS means." they used BCS data collected from 696 Holsteins and found that for groups of >500 cows an approximate 5% sample was needed for a 95% confidence interval and for <50 cows, approximately 30% should be sampled. the range of BCS encountered in our study (approximately 3 scores) was a rather small numerical portion of the overall range in BCS for beef cattle (1 to 9). our range of observed BCS is similar to that reported by Mulliniks et al. (2012) in central New Mexico (n = 351) and Huston et al. (1993) in the Edwards Plateau of Texas (n = 95). tennant et al. (2002) reported a BCS proportional distribution of 0.22, 0.53, and 0.16 for BCS of 4 through 6, respectively, in approximately 4,000 Angus cows. Selk et al. (1988) observed that reproductive performance of range beef cows was most sensitive to changes in BCS between 4 and 6. Related to the topic of BCS sample size is the number of individual animals sampled to create a herd composite for application of fecal NIRS. the current recommendation to u.S. producers is to collect "spoonful" size samples from 5 to 10 fresh (<12 h) individual fecal pats and composite in a single sealable plastic bag. As previously mentioned, White et al. (2010) suggest that 15 individual samples for fecal NIRS is the minimum threshold to adequately inform nutritional management of Australian range cattle but that detection of statistical differences between treatments, especially in larger pastures (>90 km 2 ), may require 3x that amount. our experience agrees with that of White et al. (2010) . We suggest that for small herds (n < 50) on monoculture pastures or rangeland situations in which few plant species dominate the diet, 5 to 10 individual samples will adequately represent nutritional quality for the herd. larger herds and extensive pastures with greater diversity of plant species selected will require 10 to 15 individual samples per composite. In cases requiring more than 15 individual samples, the practitioner should obtain more than 1 composite per management unit (i.e., pasture). Multiple composites should be spatially distributed based on observed cattle grazing patterns as affected by such factors as topography and location of water (Bailey et al., 1996) . When accounting for variability in a nutritional management unit, one needs to also consider the number of different subgroups within the herd based on such as age or reproductive status (NRC, 2000) . In our study groups, for instance, the 3 yr old cows would have been analyzed separately had we the ability to remove them from the herd and manage them differently under conditions when the range was not meeting their requirements.
our objective in this study was to evaluate nutritional monitoring technologies under large scale commercial range livestock production conditions. From a research standpoint, this task is similar to that encountered by wildlife biologists or landscape ecologists when collecting information on a subset of the herd or ecosystem within a management area to model a biophysical characteristic at the larger scale (Forester et al., 2007) . Similar to Cohen et al. (2003) and Rotz et al. (2005) , we also applied information collected on multiple animals within a group to predict performance of that group or a representative animal from that group.
Evaluation scenario 1 represents the way the decision support system in question is often initially applied; that is, the first sample obtained is truly a trial run. When conditions existing at the time of fecal sampling remain consistent, this method should provide acceptable accuracy. Such is not a likely occurrence on southwestern u.S. rangelands. If, for instance, the beginning or end of the growing season occurs soon after a sample is taken, animal performance projections using this method will not likely be very accurate for longer than a few days.
Evaluation scenario 2 is the truest representation of how the combined technologies performed to predict animal performance; it takes into account changes in diet and animals that occur between sampling dates. the disadvantage from a real-time decision making perspective is that evaluation 2 occurs in the past tense. In a practical management situation, one does not have the ability to foretell what the diet quality values will be for the next sampling date. Even so, the user can project forward such inputs as age, stage of pregnancy, or days of lactation and rely on historical data for upcoming average environmental conditions. If a repository of diet quality information is also available, likely "what-if" scenarios can be developed in the decision support software to inform short-term forward planning for grazing and nutritional management. the less variable the herd composition, the environment, and the upcoming animal physiological changes, the greater the accuracy of such projections is likely to be. Similar reasoning behind the number of individual fecal samples needed to create an adequate composite applies here. If projecting animal performance forward in a highly variable environment such as the southwestern u.S. monsoon season or through a dramatic change in animal physiology and/or nutritional requirements such as weaning or puberty, greater knowledge and experience in nutritional management of grazing animals as well as greater frequency of sampling will be required to successfully apply these decision support tools. In evaluation scenario 3, adaptive management was applied to iteratively improve the performance of the decision support system under local conditions. In this case, a combination of previous experience, scientific literature, and the successes and failures from the first year's trial were used to test various adjustments to the model. Although in a shorter and less nutritionally challenging set of conditions than the previous evaluation, the range of difference in observed versus predicted BCS was smaller and more consistent (0.04 to 0.28 BCS). Adaptive management is by definition a dynamic process and so, in effect, evaluation 3 is ongoing. this scenario is the one most likely to occur under long-term management.
Conclusions
Monitoring the nutrition of range cattle is especially important in arid or semiarid regions and could become even more critical if current climate projections hold true (Craine et al., 2010) . our results indicate that fecal NIRS can be used to monitor diet quality of range beef cattle in the southwestern united States and that in conjunction with the NutbalPro decision support software, the method can be useful in projecting body condition score. Adaptation of these tools to specific animal, environmental, and management conditions is critical. The greater the variation in these parameters, the greater the amount of time and knowledge needed to properly calibrate and use them. Disadvantages of this nutritional monitoring system include the need to learn new software and calibrating inputs to the model for local cattle and conditions. Advantages include relative ease and speed of obtaining current nutritional information, and the results provide a record of diet quality and animal performance for future managers. Applications include detection of diet changes before being manifest in visible BCS change, especially important around the time of biological or economic tipping points such as BCS 4 or at peak lactation. Coates (2000, p. 239) , writing about the application of fecal NIRS in modern grazing states that, "the ability to make useful decisions assisted by fecal NIRS technology will improve as advisors and producers accumulate data and experience over time on diet quality, animal performance relative to diet quality and animal responses to supplement or other management interventions." this current study contributes to such a body of knowledge and especially informs the application of nutritional monitoring technologies for commercial rangeland livestock production in the southwestern united States or similar environments. Table 5 . observed versus fecal near-infrared spectroscopy and nutritional balance software predicted body condition in mature Hereford cows grazing central Arizona rangeland. Evaluation 3: Predicted body condition projected forward using adaptive model inputs based on local observations and conditions. 2 Mean ± SE.
3 Diff. = observed minus predicted.
4 NA = Not Applicable.
5 BCS from June 6, 2011, not included.
